BACKGROUND AND OBJECTIVE: Waist circumference (W) has been shown to be a good predictor of cardiovascular risk. The aim of this study was to investigate whether physical activity (PA) is related to W in adolescents as previously shown in adults. DESIGN AND SUBJECTS: Cross-sectional population-based survey of 2714 12-y-old adolescents from the eastern part of France. MEASUREMENTS: Body mass index (BMI) and W were measured. Structured PA, active commuting to and from school and sedentary activities (SED), for example television viewing, computer/video games and reading and different potential confounders (dietary habits, parental overweight, family annual income tax and educational level) were assessed by a questionnaire. RESULTS: The adolescents had a mean BMI of 19.073.4 kg/m 2 , and 20.2% of them were overweight, with no gender difference. Boys had a greater W than girls (67.679.1 vs 65.778.9 cm, Po0.0001). In all, 42% of the girls and 25% of the boys did not practice any structured PA outside school and less than 40% of the adolescents commuted actively to school more than 20 min/day. About one-third of the adolescents devoted more than 2 h/day to SED. In univariate analyses, BMI was negatively associated with structured PA but significantly only for girls (Po0.01) and positively associated with SED for both genders (Po0.0001 for girls, Po0.01 for boys). W was negatively associated with structured PA and positively associated with SED both in girls (Po0.0001 and P ¼ 0.03, respectively) and boys (Po0.01 and P ¼ 0.08, respectively). Multiple general linear models show that SED is associated with BMI, independently of structured PA, in both genders. On the other hand, structured PA was inversely associated with W, independently of SED. The inverse relation between structured PA and W persisted after additional adjustment on BMI, with a greater effect of PA for the adolescents with higher BMI. CONCLUSIONS: In 12-y-old adolescents, structured PA is inversely associated with W, an indicator of total adiposity but also more specifically of abdominal fat. This suggests that PA may have a beneficial effect on youth metabolic and cardiovascular risks, in particular in the presence of overweight.
Introduction
Obesity affects an increasing proportion of children and adolescents. 1 The generalization of a sedentary lifestyle and the reduction of physical activity (PA) are suspected to be implicated in this trend. However, while a positive association between obesity and sedentary activities (SED) has been identified in several studies conducted on children and adolescents, [2] [3] [4] [5] [6] the relationship of obesity with PA is less clear, with some studies showing a negative association and others failing to identify a significant one. 7, 8 The fact that different confounding factors, socioeconomic status (SES) and parental overweight in particular, have not been accounted for in all studies 5, 6 may partly explain this inconsistency. Another point of concern is the estimation of obesity in most studies by means of the body mass index (BMI), which does not differentiate adipose tissue from lean tissue. Since PA not only affects energy balance but also body composition, the choice of BMI may contribute to obscuring a relationship between PA and adiposity. Recent studies indicate that the localization of fat and not only total adiposity is a critical parameter in obesity. Waist circumference (W) was shown to be an effective marker of abdominal localization of fat 9 and a better predictor of cardiovascular risk than BMI 10 in children and adolescents, as previously established for adults. 11 So W could be a useful tool to better understand the relationship between PA and adiposity, especially abdominal fat accumulation, but it has not been studied for this purpose in adolescents. Hence, the objective of this study was to explore the relationships of PA with BMI and W in young adolescents. This work, conducted on a large representative sample of 12-y-old adolescents living in the eastern part of France, afforded us the opportunity of examining the effects of PA on weight status and fat localization, taking into account SES and parental overweight.
Subjects and methods

Study sample and design
This cross-sectional study was conducted on a representative sample of the middle school's first level students (corresponding to US sixth graders) living in the Department of the Bas-Rhin, in the eastern part of France. 12 Briefly, onethird of all classrooms were selected by a random procedure stratified by the size of the town (more or less than 50 000 inhabitants) and location of the school in a low economic environment (yes or no). Participation was voluntary and 77.7% of the 4421 eligible students agreed to take part in the study. Among them, questionnaires were completed by 90% of the fathers and 96% of the mothers. Signed informed consent was obtained from the parents for all the students and the study was approved by the CNIL (French National Committee for Informatics and Liberties). Participation rates for children and parents did not differ by geographical localization or gender, and the study sample was found to broadly match the background of the targeted population by family educational level (1999 population census). Participating adolescents differed from the total eligible sample only by a smaller proportion of students from schools belonging to a low economic environment (6.8 vs 10.1%, Po0.001) and a slightly lower proportion of obesity (20.8 vs 22.7%, P ¼ 0.01). Standardized anthropometric measurements of the students were performed by trained professionals during the annual school medical examination, which took place from February to June 2001. At the same time, lifestyle questionnaires were administered to the students. Self-administered questionnaires relating to demographic and SES factors were completed by the parents, who also reported height and weight.
Anthropometric measurements
Weight was recorded in underclothes to the nearest 100 g on a calibrated electronic scale and height was measured without shoes to the nearest 0.1 cm using a stadiometer. BMI (weight/height 2 ) was calculated. Overweight was defined according to the international reference. 13 Since this definition is quite stringent for our population, we also used the 90th percentile of the French gender-and age-specific BMI reference curves as a definition of increased BMI. 14 W was assessed to the nearest centimeter midway between the rib cage and the superior border of the iliac crest using a tape measure, with subjects in a standing position at the end of gentle expiration. 15 Behavioral and socioeconomic data The adolescent's PA was assessed with the 'Modifiable Activity Questionnaire for Adolescents', 16 whose validity and reliability have been reported for junior high school students. 17 Participation in structured PA outside school during the past year was provided by the students, who gave information on the weekly frequency and usual duration of each session. The number of months that each activity was performed over the past year was recorded and the average weekly time devoted to structured PA was calculated. Time spent in structured PA was categorized in three classes: No structured PA, 0-2 h 20 min/week in structured PA, and 42 h 20 min/week in structured PA (2 h 20 min corresponding to the median time devoted to structured PA of students practicing at least one structured activity). The time spent in SED, for example television viewing, computer/video games and reading, was recorded for each day of a typical week and divided into two classes (r2 h/day, 42 h/day). In our population, the reliability of this questionnaire assessed in a sample of 79 adolescents with a test-retest interval of 1 month was reasonably good with, in particular, intraclass correlations of 0.83 and 0.71, respectively, for time spent in structured PA and SED. One additional question, not present in the above-mentioned questionnaire, concerned active commuting between home and school, with replies put into three classes (none, 0-20 min/day, 420 min/day). Reliability testing of this item yielded an intraclass correlation of 0.79. Different dietary habits were assessed from the replies of the adolescents. Data on the most often consumed beverage (sweet drink/water), TV nibbling (yes/no) and consumption of fruit/vegetable/fruit juice (r2 times, 3 or 4 times, 44 times) the day preceding the survey were obtained.
Family annual income tax (a measure of income) and educational level reported by parents were used as an approximation of SES. Family income tax was classified into three categories (no family income tax, r2000h, 42000h). Level of family education was taken as the maximum level attained by either parent and divided into three classes: low (no formal education, primary school or first years of secondary school), medium (secondary school or technical training) and high (university).
Statistical analysis
Descriptive statistics were computed as means with a standard deviation (s.d.). Associations of BMI and W with PA were assessed by means of ANCOVA with adjustment on height for W. Multiple general linear models with successively BMI and W as dependent variables were used to evaluate the independent associations of structured PA and Physical activity and waist girth in adolescents C Klein-Platat et al SED with adiposity. In another model, additional adjustment was made on different potential confounders: active commuting to and from school, dietary habits, parental overweight (neither parent, at least one parent), family income tax and educational level. To investigate if structured PA is associated preferentially with abdominal fat, the relationship of W with structured PA was further studied after additional adjustment on BMI. Since an interaction between BMI and PA was noted, this analysis was then performed separately for the adolescents with a BMI below or above the 90th percentile of the French BMI reference curves. Since PA patterns differed markedly between genders, all analyses were made separately for boys and girls. For all the analyses, interaction factors were considered in order to evaluate a possible heterogeneity of the associations across levels of the other factors. Statistical analyses were carried out using the SAS software (version 8, SAS Institute Inc., Cary, NC, USA).
Results
Anthropometric data and activity patterns Characteristics of the study population are presented in Table 1 by gender. The adolescents aged 12.070.5 y had a mean BMI of 19.073.4 kg/m 2 , without difference by gender. About one-fifth of the adolescents were overweight. W was higher in boys than in girls (Po0.001), the difference remaining significant after adjustment on height (Po0.001). As expected, W was significantly correlated with BMI (Po0.0001), with correlation coefficients of 0.84 and 0.85 in girls and boys, respectively. More than 40% of the girls and 25% of the boys did not practice any structured PA outside school, with boys spending on average one and a half more time in structured PA than girls (respectively, 2 h 18 min/week and 1 h 27 min/week, Po0.001). Less than 40% of the students reported active commuting to and from school of 20 min/day or more. One-third of the adolescents devoted 2 h/day or more to SED.
Univariate associations of BMI and W with PA Differences in BMI and W according to PA and SED are shown in Table 2 . BMI was inversely related to time devoted to structured PA, but significantly for girls only (Po0.01), whereas higher BMIs were found with higher levels of SED for both genders (Po0.001 in girls, Po0.01 in boys). W was inversely associated with structured PA and directly associated with SED both for girls (Po0.0001 and P ¼ 0.03, respectively) and boys (Po0.01 and P ¼ 0.08, respectively). In contrast, BMI and W were directly associated with active commuting to and from school in girls (P ¼ 0.03 and P ¼ 0.03, respectively) and boys (P ¼ 0.03 and P ¼ 0.07, respectively).
Multivariate associations of BMI and W with PA Multivariate general linear models were applied to assess the independent associations of structured PA and SED with successively BMI and W as dependent variables (Table 3) . SED was directly associated with BMI, independently of structured PA, in girls and boys (Po0.001 and Po0.01, respectively), whereas the relationship between SED and W was only marginally significant for girls (P ¼ 0.05) when structured PA was taken into account. Structured PA was independently and inversely associated with W in both genders (P for trendo0.0001 and o0.01, respectively, for girls and boys) and was significantly associated with BMI only in girls (P ¼ 0.02). Additional adjustment on active commuting to and from school, family income tax, educational level, parental overweight and dietary habits did not modify the relationship between SED and BMI or between structured PA and W. The adjusted model predicted that a high level of sedentariness (42 h/day) is associated with 0.7 and 0.4 kg/m 2 increases of BMI, respectively, in girls and boys, as compared to a lower sedentariness (9.6 and 6.2% of the variance of BMI were explained by SED, respectively, in girls and boys). The practice of structured PA more than 2 h 20 min/week was associated with a decrease of W of 1.8 and 1.6 cm, respectively, in girls and boys, compared to no structured PA outside school (9.8 and 3.2% of the variance of W were explained by structured PA in girls and boys, respectively). To determine if structured PA is more specifically related to the amount of abdominal fat, the correlation between structured PA and W was examined after further adjustment on BMI. Structured PA was inversely associated with W for both genders, and a quantitative interaction between PA and BMI was observed (P ¼ 0.03 in girls, P ¼ 0.05 in boys). The 13 Physical activity and waist girth in adolescents C Klein-Platat et al effect of structured PA was greater in adolescents with higher BMI compared to normal weight adolescents. This is illustrated in Figure 1 , which shows the BMI-adjusted W according to structured PA in adolescents above (a) and below (b) the 90th percentile of the French BMI reference curves. BMI-adjusted W was inversely related to structured PA both in adolescents with increased BMI and in normal weight adolescents.
Discussion
This study conducted on 12-y-old French students is the first one to evaluate the association of PA with W in a large population-based sample of adolescents. It brings to the fore an inverse relationship between structured PA and W that is independent of SED and several confounding factors, among which are SES and parental overweight. The relationship between structured PA and W persisted after control for BMI, with a greater effect of PA in the subjects with higher BMI. Although cross-sectional, these results suggest that structured PA is related to total adiposity of the adolescents, and specifically to abdominal fat, which is a marker of cardiovascular and metabolic risks.
Our study confirms the high prevalence of sedentariness in French adolescents, as also observed in many other countries. We found that 58% of the girls and 75% of the boys practiced at least one structured PA outside school, which is similar to recent observations in the US where 53% of the girls and 70% of the boys participated in at least one sport. 18 However, it should be noted that nearly all the students of our study regularly participated in physical education at Physical activity and waist girth in adolescents C Klein-Platat et al school, which in France represents four times 50 min/week. Moreover, the time spent in SED, although high and in accordance with the European data available, 19, 20 remains somewhat lower than in the US, where 75% of the adolescents reported more than 2 h/day of television viewing. 21 Data relative to PA of everyday life in adolescents are still missing. In the present study, the sedentary behaviors observed during leisure time appeared poorly counterbalanced by day-to-day PA, as, for example, active commuting to and from school that concerned less than 40% of the students. Several studies have been devoted to the association between PA and overweight in children and adolescents, but the results are inconsistent. The use of BMI, which does not differentiate between lean and fat tissues, as a measure of obesity may partly account for this inconsistency, due to the anabolic impact of PA on lean tissues. Similarly, we found an inverse relationship between structured PA and BMI in girls only. Since boys are more active than girls and thus more prone to develop lean mass, this differential in activity may explain gender differences in the relationship between PA and BMI. The association of structured PA with adiposity was in fact clearly apparent for both genders when W was used as the indicator of adiposity.
As previously reported in cross-sectional and prospective studies, [2] [3] [4] [5] [6] 22 SED was significantly associated with BMI, indicating that SED is apparently more directly related to total adiposity and hardly affects the amount of lean tissue.
Since the association between SED and BMI was independent of structured PA, this further suggests that SED represents not only a lack of PA but probably also reflects other unfavorable factors such as increased dietary energy intake during television watching or effects of food advertising. 2 Contrasting with these data, active commuting to and from school was positively associated with both BMI and W. The light-tomoderate intensity of this activity may be less efficient in countering obesity. 23 Another possibility is that for adolescents, contrary to adults, walking or cycling to and from school reflects more environmental and socioeconomic constraints than a true way of life or a contribution to total daily PA.
The strong point of our study is the observation of a beneficial connection between PA and W when adjusting on BMI, suggesting a more specific impact of PA on abdominal fat localization. Similar observations have already been made on adults, 24 but have never been reported for children and adolescents. The report of a preferential mobilization of abdominal fat resulting from physical training programs of interventional studies in obese adolescents 25 agrees with our data. Since W is recognized to be a better indicator of cardiovascular risk 10 in adolescents, as previously described in adults, these results suggest that PA may have a beneficial impact on youth cardiovascular risk. A negative association between PA and cardiovascular risk factors has been reported in one study conducted on adolescents. 26 It should be noted that as in most other cross-sectional studies, even after adjustment, a substantial amount of the BMI and W variances remained unexplained in our multivariable models. The process by which overweight develops is in fact complex and implicates several lifestyle and genetic determinants. Owing to logistic considerations, the large sample population did not allow us to obtain quantitative data on food intake. Moreover, the dietary recall requested of the students went back to only the preceding day and thus may not reflect habitual food patterns. However, since we took care to have a representation of both week days and weekends, this bias should have little influenced the relationships observed in the large sample. While we controlled for the BMI levels of the parents, genetic aspects were probably incompletely taken into account. Some other limitations of our study should be mentioned. Although we attempted to evaluate commuting-related PA, unstructured leisure-time PA such as spontaneous active games inside or outside the home was not taken into account. Also, with the use of self-reported PA data, one cannot rule out some reporting bias.
The strength of our study includes the high participation rate obtained in a large representative sample of 12-y-old 14 Adjustment on height, sedentary activities, active commuting to and from school, family income tax, educational level, parental overweight and different dietary habits were made. BMI-adjusted W was inversely associated with structured PA both in adolescents with increased BMI (414 girls and 433 boys; P for trend ¼ 0.07 in girls and o0.01 in boys) and in normal weight adolescents (943 girls and 924 boys ; P for trend ¼ 0.02 in girls and 0.06 in boys).
Physical activity and waist girth in adolescents C Klein-Platat et al French adolescents with a large scope of SES. We cannot totally exclude that the season at which the questionnaire was administered had influenced the PA report. However, the questionnaire used assesses various forms of PA over a 1-y period, thereby implicitly taking seasonal variations into account, and thus should better reflect the average leisuretime and transport-related PA than short-term recall. Also, the associations may be different at different ages or in different populations because of particularities of PA patterns. For example, our students practiced PA regularly at school, which is not the case in all countries, and had a somewhat lower level of SED than in the US.
In conclusion, thanks to the use of W, this school-based population study has highlighted the inverse association of structured PA with W in both genders, which is independent of SED and other potential confounders. The study demonstrates the limitations inherent in the use of BMI alone and further suggests a beneficial impact of structured PA on abdominal fat localization and on youth cardiovascular and metabolic risks.
